Objective To examine the association of father early engagement behaviors and infant low birth weight (LBW) among unmarried, urban couples. Methods Participants were from the Fragile Families and Child Wellbeing Study, a birth-cohort study of urban families. We conducted cross-sectional analyses of data from interviews with unmarried mothers and fathers (N = 2726) that took place at the time of their child's birth. Early engagement behaviors were based on fathers' self-report of whether during the pregnancy they gave mothers money to buy things for the baby, helped in other ways like providing transportation to prenatal clinics, and attended the birth. Results Most (68.9%) fathers engaged in all three early engagement behaviors; 22% engaged in 2 behaviors; and 9.1% engaged in 1 or 0 early engagement behaviors. LBW more than doubled when comparing infants of fathers who engaged in all three early engagement behaviors (9.6% predicted probability of LBW) to those fathers who engaged in no early engagement behaviors (over 22% predicted probability of LBW). Conclusion Infant and maternal health may benefit from intervention to encourage positive father engagement during pregnancy.
Introduction
In 2013, 8.02% of all infants were born at low birth weight (LBW; <2500 g, or 5 lbs 8 oz) (Martin et al. 2015) . Low birth weight (LBW) is an early indicator of negative infant health outcomes and subsequent poorer adjustment. For example, LBW is a primary cause of infant mortality (Malin et al. 2014; Mathews and MacDorman 2013) and is linked to children's poorer developmental (Boardman et al. 2002) and educational (Conley and Bennett 2000) outcomes. Factors such as maternal tobacco use (Chamberlain et al. 2013) , low socioeconomic status (Aizer and Currie 2014) , nativity status (Taylor and Sarathchandra 2015) , and racial or ethnic minority status (Hamilton et al. 2012; Ma 2008; Ngui et al. 2009 ) are associated with greater risk for LBW.
Relatively few studies have explored paternal factors that are associated with perinatal infant health Bond 2010; Lu et al. 2010; Misra et al. 2010 ). Yet, mounting evidence points to the ways in which father involvement is associated with the maternal wellbeing and enhanced health of their children (Bloch et al. 2010; Dubowitz et al. 2001; Jeynes 2014; Waldfogel et al. 2010 ). Research to date has often focused on the association of infant LBW and low father involvement, operationalized by nonmarital birth. By this measure, low father involvement is common in the US. In 2013, 40.6% of all infant births were to unmarried women (Martin et al. 2015) . In 2002, the rate of LBW among unmarried women was 9.9%, compared to 6.7% among married women . Another measure of low father involvement is having no father named on the birth certificate. Rates of LBW and preterm birth were also higher when fathers' information was missing from the birth record Ngui et al. 2009; Tan et al. 2004) .
However, marital status or fathers' absence on birth certificate records is an imprecise assessment of father involvement. More than 80% of nonmarital births in the US were to romantically involved couples, and the majority of these parents were cohabiting at the time of their child's birth (Carlson and McLanahan 2002; McLanahan et al. 2003) . Most unmarried parents have strong expectations for marriage and father involvement (Gibson-Davis et al. 2005) . Thus, more research is needed to understand how variation in paternal involvement among unmarried couples may be associated with outcomes such as LBW.
We focus on how unmarried fathers may support their partner during pregnancy. An ecological perspective (Bronfenbrenner 1979) suggests fathers' early engagement and support behaviors have both direct and indirect effects on infant health outcomes (Lu et al. 2010) . For example, a partner may provide tangible resources, such as income, that contribute to better maternal and infant health, since low income may negatively affect infant health-particularly among already disadvantaged mothers (Aizer and Currie 2014) . A supportive partner may indirectly promote infant health by reducing maternal stress, which is common among disadvantaged mothers (Aizer and Currie 2014; Bloch et al. 2010; Dunkel-Schetter and Tanner 2012) . Such positive father engagement has also been linked to reduced LBW (Hobel et al. 2008; Hux et al. 2014; Witt et al. 2014) . One study of an at-risk sample of depressed teen mothers showed that paternal engagement has positive effects in reducing infant distress (Lewin et al. 2015) .
The current study addresses several gaps in knowledge. Epidemiological studies suggest that low father involvement is associated with greater risk for LBW, but these studies mainly operationalize involvement through the father's presence or absence and thus do not capture unmarried fathers' supportive behaviors to his partner during pregnancy. This study tests whether fathers' early engagement and supportive behaviors are associated with LBW. Analyses focus on unmarried parents, to better understand associations of fathers' early engagement and supportive behaviors in a sample of "fragile" families whose infants are at highest risk for LBW. A central hypothesis is that father involvement may influence birth outcomes via support behaviors to the mother.
As noted previously, numerous demographic and socioeconomic factors are linked to low father involvement and LBW. The analyses presented herein control for factors such as parental age Reichman et al. 2008; Reichman and Teitler 2006) , socioeconomic status (Aizer and Currie 2014) , race and ethnicity (Fulda et al. 2014; Hamilton et al. 2012; Ma 2008; Ngui et al. 2009 ), and nativity status (Taylor and Sarathchandra 2015) . Given the association of maternal (Aizer and Currie 2014) and paternal (Stotts et al. 2013 ) health behaviors and LBW, analyses also controlled for tobacco use (Chamberlain et al. 2013 ) and maternal self-rated general health (DeSalvo et al. 2006; Idler and Angel 1990; Idler and Benyamini 1997) . Hypotheses were guided by the ecological perspective (Bronfenbrenner 1979) , thus analyses controlled for aspects of the household environment such as greater number of children in the household. Not all forms of father involvement are positive; therefore, to better isolate the potential influence of fathers' early engagement behaviors, analyses herein controlled for dimensions of parental relationship quality. We also controlled for important sociodemographic characteristics such as race and ethnicity and education level of the parent (Castillo et al. 2011 ).
Methods

Data and Participants
Data are from the Fragile Families and Child Wellbeing Study (FFCWS), a birth-cohort study conducted in 20 US cities. A detailed description of the sample is published elsewhere (Reichman et al. 2001 ). The current study uses selfreported data from baseline interviews that were conducted from 1998 to 2000 with mothers (N = 4898) and fathers (N = 3830) at the time of the child's birth. The analytic sample herein includes singleton births to unmarried parents, the majority of whom (mothers 55%; fathers 60%) had at least one other biological child at the baseline interview. There were 3711 unmarried parents in the baseline FFCWS sample. Because we used self-reported information from fathers, both parents had to participate in the baseline interview to be in the analytic sample. Moreover, we included only singleton births (N = 2726), because multiple birth infants are more likely to be LBW or preterm compared to singleton births (Martin et al. 2015) . We excluded fathers who were incarcerated or who did not provide data on incarceration (N = 132); cases with no birth weight data (N = 23); and families who did not complete all measures (N = 180), leaving a final analytic sample of 2391 unmarried parent families.
Measures and Analysis Plan
Low Birth Weight
Consistent with the WHO definition, LBW infants are defined as weighing less than 5.5 lbs (< 2500 g); 11% of singleton births in this sample were LBW.
Father Early Engagement Behavior
Father early engagement behavior was measured by the sum (from 0 to 3) of "yes" answers to three questions, selfreported by fathers: "During [baby's mother's] pregnancy, did you give her money to buy things for the baby/babies?" "Did you help in other ways, such as providing transportation to the pre-natal clinic or helping with chores?" and "Were you present at the birth?"
Confounders
Relationship Status
Fathers and mothers indicated whether they were romantically involved and living together, but not married (cohabiting); in a relationship but not living together (non-cohabiting); or unstable/no relationship.
Relationship Quality
For relational engagement (α = .65) mothers reported (no/ yes) whether the couple engaged in activities before the birth (e.g., visited friends, ate at restaurant). A summed composite was created; higher scores indicate greater engagement. For relational agreement (α = .65), mothers reported how much the couple disagree (e.g., sex, drinking/ drug use, money) from 1 (often) to 3 (never), with higher mean scores indicating greater agreement. For relational support (α = .62), mothers reported fathers' support (e.g., he expressed affection or love for you) from 1 (never) to 3 (often), with higher mean scores indicating greater support. Mother reported, in years, how long they had known the father.
Self-rated Health (DeSalvo et al. 2006; Idler and Angel 1990)
Mothers self-reported, "In general, how is your health? Would you say it is..." rated from 1 (poor) to 5 (excellent).
Month Started Prenatal Care
Mothers self-reported which pregnancy month they began prenatal care. Higher scores corresponded with a delay of prenatal care initiation.
Parental Substance Use
Fathers self-reported cigarette, alcohol, and drug use in the past 3 months. Mothers self-reported the same behaviors during the pregnancy. Although the time frame differed for mothers and fathers, the response categories were the same: cigarette use was rated from 1 (2 or more packs a day) to 4 (none); drug and alcohol use was rated from 1 (nearly every day) to 5 (never), recoded for analysis so higher scores correspond with more use.
Demographics
Demographics included parents' age, education level, race/ ethnicity, nativity status/foreign born, annual household income, and number of children in household.
Statistical Analysis Plan
Data were analyzed with SPSS Version 23.0 (IBM Corporation 2014). Table 1 presents the way in which the analytic sample (N = 2391) differed from those who were excluded (N = 335) from the sample due to the aforementioned study criteria (e.g., missing data or incarceration). Table 2 presents group differences by LBW status. Table 3 presents multivariate logistic regression models that examined whether father early engagement behaviors were associated with LBW. Model 1 included health behaviors that are known risk factors associated with LBW. Model 2 added demographic characteristics. To test for multicollinearity, we examined the variance inflation factor (VIF) for the models in Table 3 . All VIFs for continuous predictor variables were below 2.5. Categorical variables (e.g., relationship status, race and ethnicity) had higher VIFs. Thus, we conducted sensitivity analyses that excluded the categorical variables with high VIFs. Excluding these variables did not significantly alter the results (i.e., father early engagement behaviors were associated with LBW with similar point estimates and effect sizes). Therefore, we retained both mothers' and fathers' variables in the models. Because odds ratios cannot be directly interpreted as statements about probabilities (Viera 2008) , as a final step we calculated the predicted probability of LBW for each additional engagement behavior (Long and Freese 2005) . 
Results
Most fathers (68.9%) engaged in all three early engagement behaviors; 22% in two early engagement behaviors; 6.5% in one early engagement behavior; and 2.6% in no early engagement behaviors. The median response for father early engagement for the analytic sample was 3.00, and the interquartile range of 1.00. Eleven percentage of the infants in the current analytic sample were born at LBW (< 5.5 lbs. or 2500 g) ( that lower levels of father early engagement behaviors were correlated with greater occurrence of LBW. Furthermore, mothers of LBW babies reported lower levels of relational engagement; lower levels of self-rated health; and more smoking, alcohol use, and drug use. Similarly, fathers of LBW infants reported greater smoking and alcohol use. Table 3 presents the adjusted odds ratios (AORs) obtained from multivariate logistic regression models that examined whether father early engagement behaviors were associated with child LBW. In Model 1, each additional early engagement behavior was associated with a 26% decrease in the AOR of LBW (AOR = 0.74, 95%CI [0.62, 0.89], p = .001), while controlling for relationship variables, maternal health, and paternal health. In Model 2, the addition of demographic variables did not substantially change the association of father early engagement behaviors to LBW (AOR = 0.75, 95%CI [0.62, 0.90], p = .002). In Model 2, the sum of father early engagement behaviors was associated with a 25% decrease in the AORs of LBW. The regression model (Table 3) results provided an estimate of the relationship of each independent variable with the AORs of LBW. However, because odds ratios are not direct statements about probabilities, we calculated predicted probabilities of the association of father early engagement behaviors and LBW (Fig. 1) . Results indicated that fathers with 0 early engagement behaviors had a 22.7% predicted probability of LBW; fathers with 1 early engagement behavior had a 17.3% predicted probability of LBW; fathers with 2 early engagement behaviors had a 13.8% predicted probability of LBW; and fathers with all 3 early engagement behaviors had the lowest (9.6%) predicted probability of LBW. This change in the predicted probability of LBW can be interpreted in relative terms. In this sample of atrisk unmarried parents, being in a non-engaged father family (i.e., those fathers who participated in 0 behaviors) was associated with more than twice the predicted probability of LBW when compared to fathers who participated in three early engagement behaviors.
Sensitivity Analysis
One early engagement behavior used in our measure (i.e., being present at birth) may have been discouraged or impossible for some fathers due to unexpected birth complications. Furthermore, because of its timing (immediately preceeding the infant's birth), being present at the birth is best viewed as an indirect assessment of early engagement. To address this concern, we conducted additional sensitivity analyses to examine whether findings were robust to this item by creating an alternative measure of father early engagement behaviors that excluded this event. Using this modified measure and adjusting for the covariate variables, our independent variable assessing fathers' engagement was significantly associated with LBW in Model 1 (AOR = 0.75, 95%CI [0.57, 0.99] Because fathers may overestimate their level of involvement (Coley and Morris 2002) , we conducted additional sensitivity analyses to examine outcomes using mothers' reports of father early engagement behaviors. Mothers were asked two of the father early engagement behaviors questions in an identical format (e.g., whether father drove them, whether fathers helped financially) and one similar question about whether fathers visited them at the hospital (not whether they were present at the birth, as fathers were asked). Based on these three items, we created a composite of mother's perception of father early engagement behaviors. This composite was significantly correlated with father's self-reported early engagement behaviors (r (2592) = 0.53, p < .001). To test the reliability of their observations on the identically worded items, we subjected parents' responses regarding whether fathers contributed financially and provided other instrumental help (e.g., driving to the clinic) to an interrater reliability analysis to quantify their level of agreement. Parents' observations of fathers' financial contribution were not reliable (Kappa = .31) nor were their reports of instrumental help (Kappa = .42). In addition, we ran the logistic regression models with mothers' perceptions of fathers' early engagement behaviors as an independent variable. Results suggested that mothers' reports of father early engagement behaviors were a weaker predictor of LBW (AOR = 0.82, Fig. 1 Father early engagement behaviors are associated with lower predicted probability of infant low birth weight (LBW). Note 2.6% of fathers engaged in 0 behaviors; 6.5% in 1 behavior; 22% in 2 behaviors; 68.9% engaged in all 3 early engagement behaviors 95%CI [0.66, 1.01], p = .062) when compared to fathers' self-report. When entering them simultaneously into the logistic regression, fathers' self-reports (and not mothers' reports, p = .91, ns) of their early engagement predicted LBW (AOR = 0.77, 95% CI [0.63, 0.93], p = .008).
Discussion
This study focused on fathers' early engagement behaviors during the perinatal period, which includes the time period up to 7 days after the child's birth, because little is known about fathers' engagement in fragile families during this important time. Most unmarried fathers engaged in 2 (22%) or 3 (68.9%) early engagement behaviors, such as giving the baby's mother money to buy things for the baby, helping with transportation or chores, and being present at the birth. Though lower levels of engagement were rare, a nontrivial fraction of fathers (9.1%) engaged in 0 or 1 early engagement behaviors. The predicted probability of LBW among the 9.1% of fathers who engaged in 1 or 0 early behaviors was more than double the national rate of 8.03% of all US infants (Martin et al. 2015) .
One prior study using FFCWS data found that maternal perceptions of fathers' early engagement were generally associated with better maternal and infant outcomes, but this study did not find a direct association of fathers' engagement behaviors on infant LBW (Teitler 2001) . That study used maternal report of fathers' behaviors, rather than fathers' self-reports. Prior FFCWS studies suggest that mothers' reports of father involvement are lower than fathers' reports (Mikelson 2008) . Another study that compared low-income mothers' and fathers' reports of father involvement found that although mothers' and fathers' reports were highly correlated, fathers consistently reporter higher levels of their involvement than did mothers (Coley and Morris 2002) . Report consistency was much higher among co-residing parents. In addition, parents who reported higher relationship conflict were less likely to agree on the level of father involvement (Coley and Morris 2002) .
Our findings were consistent with these prior studies showing discrepant reporting patterns for mothers and fathers. We found modest correlation between fathers' and mothers' reports of father early engagement behaviors, however, this may not be surprising given that the items asked of fathers and mothers were not an identical match. Consistent with prior studies, our results comparing fathers' and mothers' reports of father early engagement behaviors suggested that mothers and fathers judged father's engagement differently. The results suggested that mothers' perceptions of father early engagement behaviors were a weaker predictor of LBW, and when entering both fathers' and mothers' perceptions simultaneously into the logistic regression, father's reports-and not mothers' reports-predicted LBW.
With no clear unbiased source of data, our final models (Table 3) used fathers' self-reports. Using self-reported data from unmarried fathers, our analyses indicated that LBW occurs less frequently in families where fathers also report higher paternal engagement. The findings of the current study, which show that positive father engagement may be beneficial to infant wellbeing, echo those of Bloch and colleagues (Bloch et al. 2010) . In their study of unmarried pregnant women, they found a dose-response association between mother-father relationship quality and maternal and infant health, with better quality relationships associated with lowered risk for negative outcomes, including infant low birth weight (Bloch et al. 2010) . Our study extends those findings by focusing on fathers' concrete support to the mother during pregnancy, while accounting for maternal report of relationship quality. On the whole, these studies suggest that mothers' perception of fathers' greater involvement is generally associated with better health outcomes (Teitler 2001) , and lower levels of early engagement is correlated with LBW.
Results of these studies suggest that fathers may influence infant wellbeing by providing both tangible resources and emotional support to their partner during the perinatal period. The parents in the current study were unmarried and, on average, were young and low-income. Particularly among unmarried women and low-income women who experience high levels of allostatic load, a partner who provides material resources and shows engagement may reduce maternal stress (Bloch et al. 2010) . One prior study showed that maternal perceptions of paternal support during pregnancy seemed to lessen the effects of chronic stress, and was correlated with lower levels of preterm births (Ghosh et al. 2010) .
In addition to the direct benefits of tangible resources, relatively simple behaviors, such as helping with transportation or chores or giving the mother money to buy things for the baby, may signal commitment to the mother and baby (Tach et al. 2010) . Such commitment or emotional support may be especially beneficial to reduce stress experienced by low-income mothers, perhaps more so than would be the case in other settings or contexts. As discussed in the Limitations section, our measure may additionally be acting as a proxy for other aspects of fathers' engagement and support to his partner that are not directly tapped by the current measure of early engagement, but are nonetheless correlated with benefits for mothers and infants.
Implications for Intervention
Most unmarried parents are in a relationship at the time of their child's birth (Tach et al. 2010) , and both men and women express the desire for father involvement (Gibson-Davis et al. 2005) . The transition to parenthood has been described as a "magic moment" in which fathers can become highly engaged (Walsh et al. 2014) . However, fathers are not generally included in education or intervention during pregnancy. This may be a missed opportunity.
Research shows that even unmarried fathers have high rates of attendance at prenatal visits such as ultrasounds (Walsh et al. 2017) , and fathers' engagement in such visits increases maternal health engagement (Redshaw and Henderson 2013) . Such prenatal health care visits may be an opportunity to engage fathers and provide anticipatory guidance and psychosocial interventions-for example, counseling fathers on how to support their partner during pregnancy, providing anticipatory guidance regarding caring for an infant, and underscoring the important role fathers play in promoting infant health and wellbeing.
Study Limitations
Whereas prior research relied on mothers' perceptions of fathers' early engagement (Teitler 2001 ), we used fathers' self-reports of their early engagement behaviors. The link between fathers' early engagement behaviors and birth weight outcomes was maintained in analyses that assessed different measurement of early engagement. However, it is important to note study limitations. The analyses presented herein are correlational and should not be interpreted to indicate that lack of fathers' early engagement behaviors caused LBW. Although we account for numerous potential confounders, other unobserved factors (e.g., material hardship) are not fully captured in the current models and may be jointly predictive of fathers' early engagement behaviors and LBW. Furthermore, due to missing data, our results cannot be interpreted as generalizable to the FFCWS as a whole. For example, Table 1 illustrates that our analytic sample was younger (fathers) and had higher household income, compared to the full sample of nonmarried parents in FFCWS.
In addition, all of our measures are self-reported, raising the potential for recall bias, e.g., individuals may not accurately recall their behaviors. Furthermore, social desirability concerns likely influence report of behaviors such as substance use and may also influence report of other health behaviors such as self-rated health. The scales assessing relationship quality had relatively low alphas, which may have been influenced by the low number of items in the two subscales.
Finally, our measure of fathers' early engagement behaviors assessed a limited range of fathers' potentially supportive behaviors during pregnancy. Because this study consisted of secondary data analysis, we were limited to the available variables that assessed fathers' early engagement during the perinatal period specifically. Also we chose to use self-reported data from fathers, which also limited the availability of data. Given the timing of the item related to fathers' presence at birth, it is unlikely to be a direct predictor of LBW per se, and in the current analysis, this item is most likely acting as a proxy for fathers' preconceptional and prenatal engagement more broadly.
Future Research
Future research should explore these relationships using data that more fully measure fathers' early engagement behaviors, and account for the influence of unobserved variables not measured in the current study. Future research could examine the mechanisms by which fathers' early engagement behaviors may influence maternal health. For example, one mechanism by which fathers may impact infant health is through their influence on maternal health behaviors, such as engaging in smoking cessation with their partner, which is linked to birth outcomes (Misra et al. 2010 ).
Conclusion
In a high-risk sample of unmarried parents, most fathers engaged in at least three early engagement behaviors. Although lows levels of paternal early engagement were relatively uncommon, with 9.1% of fathers reporting they engaged in 1 or no early engagement behaviors measured in this study, low engagement was associated with double the predicted probability of having a LBW infant. Results suggested that increasing fathers' engagement and support to his partner during pregnancy may be one mechanism by which to promote maternal and infant health outcomes.
